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Ions at Dipolar Membrane Surfaces
Or Szekely, Ariel Steiner, Pablo Szekely, Roi Asor, Uri Raviv.
In pure water, zwitterionic (dipolar) lipids form lamellar phases with equilib-
rium water gap of order 2 nm. This is attributed to the dominating van der
Waals attraction between dipolar membranes. If divalent ions are adsorbed
onto charge-neutral membranes, the membranes may become charged and be-
have as charged membranes. Using solution X-ray scattering we studied in de-
tail the interaction of divalent ions with dipolar lipids. We found that the
interaction is determined solely by the lipid tail structure. Divalent ions can ad-
sorb only onto lipids with saturated tails. A single double bond in the lipid tail is
sufficient to prevent divalent ion adsorption. This is attributed to the relatively
loose packing of lipids with unsaturated tail/s that enables free rotation of the
headgroups. Divalent ion adsorption links between two lipids and limits their
free rotation. The ion-dipole interaction gained by the adsorption of the ions
onto the membranes is insufficient to compensate for the loss of lipid-
headgroup free-rotation entropy.
This study provides insight into the interactions between cell membranes and
various charged ions and how lipid composition controls those interactions.
It also forms the basis for controlling the interactions between membranes
and charged proteins or peptides for protein encapsulation and drug delivery
applications.
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Computational Characterization of DMPI and DMPI(4)P Head Groups
Michael Rowland, Richard Pastor, Wonpil Im.
Results from Molecular Dynamics simulations of dimyristoyl-
phosphatidylinositol (DMPI) using the C36 CHARMM lipid force field are
compared with those from neutron-diffraction and 2H-NMR studies. Calcu-
lated and experimental quadrapolar splitting ratios and distances from the bila-
yer center to inositol deuteration sites are in good agreement. The simulations
yield a large number of conformations consistent with the flexibility of the tor-
sion angles between the glycerol and phosphate; the interpretation from diffrac-
tion indicated that the inositol ring tilt is within 30 degrees from parallel to the
membrane normal, whereas the inositol ring in the simulations is within 40 de-
grees from perpendicular to the membrane normal, even pointing into the mem-
brane. The results pave the way for the study of interactions between the
phosphoinositides in lipid bilayers and their binding partners.
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Inter-Domain Line Tension Induced by Hydrophobic Lipid Tails in a Lipid
Membrane
Sergei I. Mukhin, Boris B. Kheyfets.
We consider domain of liquid condensed (LC) lipids surrounded by liquid ex-
panded (LE) phase in a membrane. We use flexible strings model of lipid
chains [1]. A greater/smaller flexural rigidity is ascribed to LC / LE lipids re-
spectively. Fluctuating single chain statistically swipes a cylindrical volume.
In a mono-component bilayer these cylinders form a close pack. But at the
LC/LE boundary the cylinders of the two different diameters can’t form a close
pack. Hence, an area per lipid is greater at the boundary than in the bulk of
domains. In our model this excessive area leads to a local decrease within
the inter-domain boundary of the surface tension at the hydrophilic-
hydrophobic interface. If the LC and LE lipids differ only by the flexural rigid-
ity of hydrocarbon chains, then the (flat) boundary energy is negative, Fig. 1,
with consequences for domains size
distribution.
[1] S.I. Mukhin and S.V. Baoukina, Phys.
Rev. E71, 061918 (2005). Fig. 1: A) Calcu-
lated LC/LE boundary line tension vs flex-
ural rigidities ratio, A- and B- mark LC and
LE lipids respectively; B) calculated rela-
tive surface tensions difference in the bulk
(v) and at domain boundary (b).2679-Pos Board B665
Enthalpy Drives Phase Separation in Model Membranes: Evidence from
Molecular Dynamics Simulations of Non-Lipid Amphiphiles Vitamin-E,
triton-X, and Benzyl Alcohol
Peter J. Butler, Hari S. Muddana, Homer Chiang.
Phase separation of lipid bilayers into liquid-ordered and liquid-disordered re-
gions facilitates compartmentalization of membrane proteins, an important pre-
requisite for cellular biochemical signaling. In this study, we investigated the
phase behavior of binary and ternary lipid mixtures under the influence of three
non-lipid amphiphiles, Vitamin-E, Triton-X 100, and benzyl alcohol.Molecular
dynamics (MD) simulations of these additives in fluid-phase lipid bilayers were
performed to investigate their effect onmembrane thickness and fluidity as read-outs of enthalpic and entropic changes, respectively. Simulation results indicate
that Vitamin-E increases bilayer thickness and lowers the fluidity, while Triton-
X and benzyl alcohol each decrease bilayer thickness and increase fluidity. Ex-
perimentally, in both binary and ternary lipid mixtures, Vitamin-E induced ideal
mixing of the lipids whereas Triton-X and benzyl alcohol either resulted in sus-
tained phase separation or induced large-scale phase separation. Because
changes in bilayer thickness determined by MD correlate better than fluidity
with phase separation observed in model membranes we conclude that hydro-
phobic mismatch of different lipid types (enthalpic effect) dominate the effect
of fluidity (entropic effect) as the key driving force for the phase separation be-
havior observed in lipid bilayers.Moreover, these non-lipid amphiphiles provide
new tools to tune raft formation/disruption and to study raft-related cell mem-
brane functions through modulation of non-raft membrane thickness.
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Vitamin E Forms Domains with Pufa in Membranes: An EPR Spin Trap-
ping Study of Lipid Peroxidation in Model Membranes
Cynthia D. Wassall, William Stillwell, Marvin D. Kemple,
Stephen R. Wassall.
Spin trapping in conjunction with EPR spectroscopy is a widely used technique
for measurement of short-lived free radical species of biological interest due to
its high sensitivity and specificity. In spin trapping a molecule (the spin trap)
reacts with the free radical producing a spin adduct that is sufficiently stable
to be detected by EPR. In this study, we employ lipid-soluble N-tert-butyl-a-
phenylnitrone (PBN) as our spin trap. PBN spin adducts detected by EPR are
believed to be lipid hydroperoxides that are secondary species resulting from
free radical attack on cell membranes. Thus the presence of the spin-adducts
is reflective of ROS levels. Lipid auto oxidation will be monitored in model
membranes containing 1-palmitoyl-2-docosahexaenoyl-sn-glycero-3-phospho-
choline (PDPC) with various concentrations of a-tocopherol, the major lipid
soluble antioxidant in membranes and a primary component of vitamin E. Pre-
liminary data of PDPC without a-tocopherol show auto oxidation that leads to
a free radical cascade. By measuring the reduction in lipid peroxidation due to
the presence of a-tocopherol, we test the hypothesis that the vitamin co-
localizes with polyunsaturated lipids in membrane domains to ensure its close
proximity to the most vulnerable lipid species.
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Vitamin E Responds to its Lipid Environment
Justin A. Williams, Drew Marquardt, William Stillwell, Jeffrey Atkinson,
Thad A. Harroun, Stephen R. Wassall.
Vitamin E (a-tocopherol) is recognized as the premier lipid soluble antioxidant
in biological membranes, but many questions persist of how the vitamin actu-
ally functions.We have hypothesized that a-tocopherol preferentially locates in
domains that are enriched in polyunsaturated phospholipids, increasing the con-
centration of the vitamin in the vicinity of the lipid species most vulnerable to
oxidation. These highly disordered domains depleted in cholesterol are analo-
gous, although organizationally the antithesis, of the well-studied lipid rafts
that are highly ordered and rich in cholesterol.
Here we investigate the molecular organization of a-tocopherol in model mem-
branes as a function of unsaturation. Using solid state 2H NMR and ESR, we
see that there is less restriction to the motion of a-tocopherol and that it has
less impact on chain order in more unsaturated membranes. We also have
now measured the location of the chromanol ring of a-tocopherol using neutron
diffraction. The results show that the vitamin sits lower in the membrane and is
more intimately tied to the lipid chains when they are more unsaturated (where
it’s antioxidant role is needed), and generally sits higher in the membrane and is
excluded vertically from the chains when they are more saturated (where it’s
antioxidant role is not needed). Together these findings support a-tocopherol’s
putative structure/function role as a free-radical scavenger by locating itself in
the right place at the right time.
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Laser-Triggered Release of Entrapped Photo-Reactive Solutes from Lipo-
somes Containing Diacetylenic Phosphatidylcholine
Amichai Yavlovich, Darrell B. Tata, Robert Blumenthal, Anu Puri.
We have previously reported on a novel class of light-triggerable liposomes
prepared from a photopolymerizable phospholipid DC8,9PC (1,2- bis (tricosa-
10,12-diynoyl)-sn-glycero-3-phosphocholine) and DPPC (1,2-Dipalmitoyl-
sn-Glycero-3-Phosphocholine)1,2. UV radiation (254 nm) exposure on the
liposomes resulted in photopolymerization of DC8,9PC which subsequently
resulted in the release of contents (see abstract at this meeting by Puri et al).
Treatment of these liposomes by 514 nm laser light is also found to promote
the release of encapsulated calcein (Ex/Em 490/517 nm) or (an anticancer
drug) Doxorubicin (Ex/Em 490/590 nm); however the onset of this release is
dramatically rapid and is found to occur within 1-2 minutes of laser treatment
